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The European honey bee, Apis mellifera L., is a valuable agricultural and commercial
resource noted for producing honey and providing crop pollination services, as well as
an important model social insect used to study memory and learning, aging, and more.
Here we describe a detailed protocol for the dissection of the dorsal abdominal wall of
a bee in order to visualize its dorsal vessel, which serves the role of the heart in the
insect. A successful dissection will expose a functional heart that, under the proper
conditions, can maintain a steady heartbeat for an extended period of time. This allows
the investigator to manipulate heart rate through the application of cardiomodulatory
compounds to the dorsal vessel. By using either a digital microscope or a microscope
equipped with a digital camera, the investigator can make video recordings of the
dorsal vessel before and after treatment with test compounds. The videos can then be
scored at a time convenient to the user in order to determine changes in heart rate, as
well as changes in the pattern of heartbeats, following treatment. The advantages of
this protocol are that it is relatively inexpensive to set up, easy to learn, requires little
space or equipment, and takes very little time to conduct.
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SHORT ABSTRACT:

The abdominal dorsal vessel of the honey bee and other insects serves as the functional
equivalent of the mammalian heart and plays an important role in nutrient transport, waste
removal, immune function, and more. Here we describe a protocol for the visualization and
pharmacological manipulation of bee heart rate.

LONG ABSTRACT:

The European honey bee, Apis mellifera L., is a valuable agricultural and commercial resource
noted for producing honey and providing crop pollination services, as well as an important model
social insect used to study memory and learning, aging, and more. Here we describe a detailed
protocol for the dissection of the dorsal abdominal wall of a bee in order to visualize its dorsal
vessel, which serves the role of the heart in the insect. A successful dissection will expose a
functional heart that, under the proper conditions, can maintain a steady heartbeat for an
extended period of time. This allows the investigator to manipulate heart rate through the
application of cardiomodulatory compounds to the dorsal vessel. By using either a digital
microscope or a microscope equipped with a digital camera, the investigator can make video
recordings of the dorsal vessel before and after treatment with test compounds. The videos can
then be scored at a time convenient to the user in order to determine changes in heart rate, as
well as changes in the pattern of heartbeats, following treatment. The advantages of this protocol
are that it is relatively inexpensive to set up, easy to learn, requires little space or equipment,
and takes very little time to conduct.
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INTRODUCTION:

The overall goal of this methodology is to allow the investigator to quickly and easily observe and
guantify the effect that a pharmacological agent has on the heart rate of honey bees. Bees, like
other insects, have an open circulatory system that disseminates hemolymph, the insect
equivalent of blood, throughout the body cavity, known as the hemocoel. The circulation of
hemolymph is essential for the transport of nutrients, immune factors, waste products, as well
neurohormones and other signaling molecules®. Circulation is facilitated by the dorsal vessel,
which extends along the dorsal midline of the insect, as well as accessory pulsatile organs. The
dorsal vessel is divided into two functionally distinct sections, designated the heart in the
abdomen and the aorta in the thorax and head. Propagated contractions in the heart pump
hemolymph towards the thorax and head, while accessory pulsatile organs ensure hemolymph
flow to the extremities.

Insect cardiac function can be observed using a variety of methods, depending upon the size,
physiology, or life stage of the insect. A common approach for observing heart rate in larvae or
smaller insects is the use of intravital imaging?. This method is less useful in adult bees, however,
as it can be difficult to clearly view the dorsal vessel through the abdominal wall. An established
approach for recording heart rate in a variety of insects, including bees, is the use of contact
thermography, which utilizes thermistors applied to the exterior of the insect to detect cardiac
pulsations®4. Heart rate in adult bees has also been recorded using an electrophysiological
technique to measure an electrical impedance signal®°. This technique requires the insertion of
electrodes into the animal next to the heart and the use of an impedance converter to record
heartbeats?. Similarly, electrocardiograms have been used to detect electrical signals produced
by the heart and combined with video recording of the bee to observe changes in cardiac
activity®. A distinct advantage to these approaches is that heart rate is assessed in an intact, living
bee, rather than in a dissected specimen, which helps to ensure the availability of the full range
of physiological responses in the subject. The challenges of these approaches include accounting
for immobilization or anesthetization of the subject, the need to limit outside variables and
stimuli that might alter heart rate, as well as determining an appropriate delivery method when
testing pharmacological agents.

Another approach that has been used for studying bee cardiac activity is to partially dissect the
insect in order to expose the heart, then measure dorsal vessel contractions using a force
displacement transducer’. In this protocol, the heart is continually bathed with running
physiological saline and test compounds can be dissolved in this solution for application to the
subject’. A significant difference between this method and those previously described is that the
ventral nerve cord is removed, eliminating the role that the central nervous system has been
shown to play in modulating heart rate®. The result is that the baseline heartbeat, which is usually
quite erratic, stabilizes at a much lower frequency and amplitude than is typically observed in a
living insect>’. What all of these methods have in common is that they require highly specialized
and often expensive equipment, in addition to a certain level of expertise, in order to be
conducted. Perhaps the greatest disadvantage is that none of these approaches are particularly
well suited to experiments that involve testing a large number of subjects, such as screening a
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library of potentially cardiomodulatory compounds.

The greatest strength of the approach described here is its simplicity. The protocol is relatively
easy to master, the setup requires little space, and only a minimal financial input is necessary.
The method requires little more than some bees, a few surgical instruments, an isotonic solution,
and either a digital microscope or a traditional microscope with a digital camera. Bees are
dissected to visualize the dorsal vessel and digital videos are used to record heart rate before and
after treatment with pharmacological agents. Although video recording is not actually necessary
to observe changes in heart rate, it will greatly increase throughput (i.e., the number of subjects
that can be processed in a given amount of time). The investigator can maximize efficiency by
recording a large number of videos at once and then later scoring these videos at a more
convenient time. Another advantage of this approach is that videos allow the investigator to start
over, should the scoring process be interrupted, and make it easier for the viewer to be blinded
to the treatment in order to reduce bias.

PROTOCOL:

1. Collection and preparation of test subjects

1.1) Collect the appropriate number of bees from the colony.

Note: The number needed depends upon not only the size and scope of the experiment, but also
the skill of the investigator. For example, if there are 2 treatment groups with a desired sample
size of 10 bees per group, a reasonably skilled investigator might collect at least 30 bees to
account for unsuccessful dissections and end up with 20 useful videos to score.

1.2) Minimize the amount of time that passes between collection and dissection.

Note: Although bees can be housed in the lab for days prior to dissection, the success rate of
dissections (i.e., the likelihood of maintaining a stable heart rate in a dissected dorsal vessel) has
been observed to decrease relative to the amount of time that bees are housed away from the
colony.

1.2.1) Provide bees with a source of water and food while housed in the lab. For example, at a
minimum, provide access to a 50% (w/v) solution of sucrose in water (this is sufficient for

durations of less than 6 h). For longer periods, provide bees access to honey.

1.2.2) House bees in the lab overnight at a temperature of approximately 32 °C and 60-80%
relative humidity to reduce stress and avoid dehydration.

1.3) Prior to dissection, anesthetize bees briefly to aid in handling.

Note: This can decrease the success rate of dissections and reduce throughput.
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1.3.1) Chill the bees either by placing them on ice or into a refrigerator for just long enough to
reduce movement in order to aid in handling.

1.3.2) Alternatively, briefly expose bees to CO; in order to aid in handling.

Note: Extended exposure to cold can reduce the success rate of dissections. Extended or
repeated exposure to CO; can also reduce the success rate of dissections.

2. Dissection of dorsal abdominal wall

Note: Bees should be alive at the time of dissection.

2.1) Using forceps and/or microdissection scissors, remove legs and wings to facilitate dissection
of the abdomen. Keep a small beaker or similar container filled with distilled water nearby for

the purpose of rinsing instruments between dissections.

2.2) While restraining the bee with forceps, utilize the microdissection scissors to cut laterally
along the dorsal abdominal wall between the first and second tergites (see Figure 1).

[Place Figure 1 here]

2.3) While lightly gripping the posterior edge of the second tergite with the forceps, cut
longitudinally along each side of the bee from the initial incision to the stinger (see Figure 2). Use
caution when cutting to avoid puncturing the gastrointestinal tract.

[Place Figure 2 here]

2.4) Exchange the scissors for a second set of fine forceps and utilize them to carefully separate
the dorsal abdominal wall from the rest of the abdomen. Gently remove the stinger and any
portion of the gastrointestinal tract that remains attached to the dorsal abdominal wall. Avoid
rupturing the gut, as the contents can coat the abdominal wall and impede visualization of the
dorsal vessel.

2.5) Arrange the dorsal abdominal wall in the desired orientation beneath the camera so that the
dorsal vessel is visible (see Figure 3). Utilize the microdissection scissors to trim away any excess
abdominal wall that impedes visualization of the dorsal vessel. The shape of the dorsal abdominal
wall should resemble a shallow cup or bowl when properly situated.

[Place Figure 3 here]

2.5.1) Since the dorsal vessel does not extend into the hindmost abdominal segment of the bee,
remove the final tergite in order to improve visualization of the dorsal vessel.

2.6) Utilizing an adjustable volume micropipette, cover the dorsal vessel with 10 pL of an isotonic
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solution to maintain physiological conditions and facilitate a steady heartbeat.

Note: The recommended solution is quarter strength Ringer’s solution (0.120 g/L calcium
chloride, 0.105 g/L potassium chloride, 0.050 g/L sodium bicarbonate, and 2.250 g/L sodium
chloride), which has been found to facilitate a stable, continuous heartbeat.

3. Observation and modulation of heart rate

3.1) Allow the dorsal vessel to sit undisturbed until a stable, continuous heartbeat is achieved
(usually within 300 s).

Note: Heartbeat is visualized as rhythmic contractions of the dorsal vessel. Initially, there may
appear to be no heartbeat, especially if the bee was anesthetized, but the heart will usually
resume beating after resting in isotonic solution for several minutes and can continue beating for
hours, provided it remains bathed in solution.

3.2) Measure the heart rate in terms of the number of beats per minute (bpm).

3.2.1) Record the number of contractions observed during a 60 s period. Use a hand tally counter
and a timer to facilitate this process.

3.3) Measure the change in heart rate by recording the observed bpm before and after treatment
with a cardiomodulatory compound.

Note: Although the time required to observe an effect on heart rate may vary depending upon
the compound being tested, changes in heart rate can typically be observed within minutes.

3.3.1) Determine the baseline heart rate immediately prior to the addition of any test compound.
Note: Post-treatment heart rate can usually be determined after 90 to 120 s.

3.3.2) Prepare potential cardiomodulators (e.g. octopamine) by dissolving the compound in the
same isotonic solution used to bathe the dorsal vessel.

3.3.3) Add the test compounds to the solution surrounding the dorsal vessel by utilizing a
micropipetter.

3.4) For greater accuracy and higher throughput, make a video recording of each test subject and
then use the videos to score heart rate at a later time.

Note: This allows a single investigator to stagger dissections in order to facilitate almost
continuous production of videos. When recording videos, the minimum recommended length is
approximately 240 s with any test compound being added at the 60 s mark. This ensures that the
investigator has a 60 s window for scoring baseline heart rate and then another 60 s window for

Page 50of 9



scoring post-treatment heart rate 120 s after treatment.

REPRESENTATIVE RESULTS:

Since many of the pharmacologically active compounds that might be tested using this protocol
are not soluble in water, it is necessary to have a reliable solvent that will allow test compounds
to be delivered via the isotonic solution used to bathe the dorsal vessel. Dimethyl sulfoxide
(DMSO) is a solvent that is commonly used as a vehicle for delivering experimental drugs and
other compounds in animals®, and it has been used successfully for this purpose in studies
examining the effect of pesticides on honey bee cardiac activity’. Consequently, DMSO was
selected as a potential vehicle for delivering test compounds to the dorsal vessel, which required
that it first be tested for cardiomodulatory activity. In this protocol, the dissected dorsal vessel is
initially bathed in 10 plL of quarter strength Ringer’s solution and then heart rate is determined
prior to adding test compounds. Test compounds are delivered at a known concentration in 10
uL of DMSO dissolved in quarter strength Ringer’s solution and then the dorsal vessel is observed
for subsequent changes in heart rate.

Prior to testing any compounds, a concentration range of DMSO was tested for any effect on
heart rate, relative to quarter strength Ringer’s solution with 0% DMSO. DMSO was dissolved at
0.2%, 2%, 10%, and 20% v/v in quarter strength Ringer’s solution in order to test a final
concentration of 0.1%, 1%, 5%, and 10% when added in equal volume to the solution already
bathing the dorsal vessel. This approach was used, as opposed to adding DMSO at the desired
concentration in the initial 10 ul used to bathe the dorsal vessel, because not every dissection
yields a stable heartbeat. If DMSO has an adverse effect on heart rate, this effect might not be
distinguishable from a failed dissection. Heart rate was assessed immediately prior to adding
DMSO, and then again 120 s later. Figure 4 shows the results of this experiment, demonstrating
that 0.1% and 1% DMSO in solution had no significant effect on heart rate, relative to the quarter
strength Ringer’s solution without DMSO, whereas 5% and 10% DMSO significantly decreased
heart rate.

[Place Figure 4 here]

In order for this assay to be relevant, it must be possible to observe changes in heart rate
following treatment with cardiomodulatory compounds. The biogenic amine octopamine is
known to act as a neuromodulator in invertebrates® and has been shown to act as a
cardioaccelerant in both fruit flies!* and honey bees’. Octopamine was tested against vehicle (1%
DMSO in quarter strength Ringer’s solution) as described above at concentrations of 100 nM, 10
UM, and 100 uM. Figure 5 shows the results of this experiment, demonstrating that 10 uM and
100 uM concentrations of octopamine significantly increased heart rate.

[Place Figure 5 here]

Figure 1: Dorsal view of bee abdomen. The initial incision should be made between the first and
second tergites, as denoted by the red line. Scale bar = 1 mm.
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Figure 2: Lateral view of bee abdomen. The second and third incisions should be made along
either side of the abdomen, as denoted by the red line. Scale bar =1 mm.

Figure 3: View of the dorsal vessel. Once the gut and stinger have been removed, the dorsal
vessel is visible along the midline of the dissected dorsal abdominal wall. Scale bar =1 mm.

Figure 4: Effect of DMSO on bee heart rate. Graph shows the percentage change in basal heart
rate, as measured in beats per minute. Treatment of honey bee dorsal vessel with 0.1% or 1%
DMSO v/v in quarter strength Ringer’s solution does not significantly increase or decrease heart
rate, relative to quarter strength Ringer’s solution without DMSO. Treatment with 5% or 10%
DMSO in solution causes a significant decrease in heart rate. Results expressed as mean +/- SEM
(n=10). *P<.05 vs 0% DMSO control (Kruskal-Wallis test with Dunn’s multiple comparisons test).

Figure 5: Effect of octopamine on bee heart rate. Graph shows the percentage change in basal
heart rate, as measured in beats per minute. Treatment of honey bee dorsal vessel with 100 nM
octopamine does not significantly increase or decrease heart rate relative to vehicle (1% DMSO
v/v in quarter strength Ringer’s solution). Treatment with 10 uM and 100 uM octopamine
significantly increased heart rate relative to vehicle. Results expressed as mean +/- SEM (n = 10).
*P<.05 vs vehicle control (Kruskal-Wallis test with Dunn’s multiple comparisons test).

DISCUSSION:

The protocol presented here provides a simple and effective approach to testing pharmacological
compounds for their effects on honey bee heart rate. As observed in prior experiments that
either transect the ventral nerve cord of a living insect® or dissect out the ventral nerve cord when
exposing the dorsal vessel’, the loss of central nervous system regulation results in a stable, low
frequency heartbeat. The low frequency of beats allows the investigator to visually assess heart
rate without having to rely on delicate or expensive instrumentation. As has been demonstrated,
the solvent DMSO can be used in low concentrations to dissolve pharmacological agents for
delivery via the isotonic solution used to bath the dorsal vessel. Furthermore, heart rate can be
accelerated in this method using the invertebrate neuromodulator octopamine, which has been
previously shown to act as a cardioaccelerant in bees’. Although this protocol was designed in
order to measure changes in heart rate, it is possible to use it to observe other, more qualitative
characteristics of heartbeat as well, such as changes in the pattern of contractions. Regardless of
the end point in question, the protocol relies primarily upon the ability of the investigator to
perform a clean, rapid dissection. The most common challenge that that an investigator will face
when using this protocol is the failed dissection, which results in a dissected abdominal wall that
is not useful either because there is no heartbeat, or because the dorsal vessel is not visible.

The dorsal vessel can be easily obscured as the result of a poor dissection. Puncturing or tearing
the gut can result in gut contents spilling out onto the abdominal wall, typically in the form of
yellow/brown excrement that mixes with the vehicle and obscures the dorsal vessel. Although
the abdominal wall can be rinsed with an isotonic solution to remove debris, doing so can
increase the chances of damaging the dorsal vessel. With practice, this can be easily avoided;
however, if this remains an issue, an alternative is to remove the gut prior to dissection. This can
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be accomplished by first removing the stinger and then pulling the abdominal gastrointestinal
tract out through the same hole. One noticeable difference between this approach and the
dissection as described in the protocol is that removing the stinger and gut first will typically leave
the dorsal abdominal wall covered by a translucent membrane that can also obscure the dorsal
vessel. When dissecting the abdomen as described in the protocol, this membrane will usually be
removed along with the gut. If the membrane, or some portion of it, is obstructing view, it can
be removed carefully with fine forceps.

It is not uncommon for the dorsal vessel to display no sign of a heartbeat immediately following
dissection. Bathing it in an isotonic solution and allowing it to rest for several minutes will usually
result in a steady heartbeat resuming. A continued lack of a heartbeat can be the result of a
number of different issues, including damage to the dorsal vessel caused by a clumsy dissection,
excessive anesthesia, premature death of the bee, or a slow dissection. The most common cause,
however, would seem to be related to the energy reserves of the bee prior to dissection. Bees
that have been housed in the laboratory overnight, even when provided access to food and
water, are far more likely to result in a failed dissection than bees just collected from the colony.
Age may also be a factor, as the success rate appears to be greater with nurse bees than with
foragers. This has not been tested in a controlled study, however, and would be an interesting
line of inquiry to pursue.

Overall, the goal of this protocol is to provide a simple, inexpensive approach to assessing the
effect of potential cardiomodulators on bee heart rate. This protocol could be adapted to observe
differences in cardiac function as a result of other types of treatments or factors, or for use with
other insects. The greatest limitation of the protocol is that the dorsal vessel is not being
observed in a living, intact insect. It is likely that some potentially cardiomodulatory compounds
will not show an effect on heart rate if they function at the level of the central nervous system.
In this case, an electrophysiological approach is likely necessary. The greatest strength of this
protocol is its simplicity, as it costs little, requires little equipment, can be undertaken with little
or no specialized training, and can be conducted quickly once mastered. As such, it can be a
valuable tool for applications ranging from exploratory pilot work to large scale drug screening
studies, and can also serve as a useful teaching tool in high school or university classrooms.
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Name of Material/ Equipment

Dino-Lite Edge digital USB
microscope

Microscope stand

Laptop or PC
Microdissection scissors
(Vannas, 8cm, Straight, 5mm
Blades)

Microdissecting Forceps,
10.2cm, Angled (2 pair)
Ringers solution 1/4 strength
tablets

Dissecting tray

Single channel 10 pl pipette
Pipette tips

Small beaker or container of
water

Hand tally counter

Timer

Deionized water

Excel Spreadsheet- Table of Materials/Equipment

Company

Dino-Lite
Dino-Lite

World Precision
Instruments
World Precision
Instruments

Sigma-Aldrich

Office Depot
Office Depot

Catalog Number

AMA48157T
RK-10

14003
504482

96724-100TAB

295033
644219

Click here to download Excel Spreadsheet- Table of Materials/Equipment Materials

and Equipment.xls

Comments/Description

Any digital microscope or similar setup will suffice
Any stand appropriate for the digital microscope
Necessary for digital microscope

Any similar scissors suitable for microdissection will suffice

Any similar forceps suitable for microdissection will suffice

Any surface suitable for microdissection
Any device capable of accurately delivering 10 pl volume

Used to rinse instruments between subjects

Any similar product will suffice

Any similar product will suffice

Preparation of Ringers solution and rinsing instruments

*
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Author(s):

ARTICLE AND VIDEO LICENSE AGREEMENT

Dissection and observation of honey bee dorsal vessel for studies of cardiac function

O'Neal, Scott T. and Anderson, Troy, D.

ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via: X Standard Access

Iltem 2 (check one box):

Open Access

X The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Scott T. O'Neal

Name:

Department: Department of Entomology
Institution: Virginia Tech

Article Title:

Signature:

Dissection and observation of honey bee dorsal vessel for studies of cardiac function

Date: May 20, 2016

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe documentto +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments Click here to download Rebuttal Comments Response to
editorial and reviewer comments.docx

Response to editorial comments:

« Editor re-wrote some of your protocol steps in the imperative tense (as if you are telling
someone how to do the technique, i.e. “Do this”, “Measure that” etc.). Any text that could not be
written in the imperative tense was added as a “Note”.

> Protocol edits noted without additional change.

* Please take this opportunity to thoroughly proofread your manuscript to ensure that there are no
spelling or grammatical errors. Your JOVE editor will not copy-edit your manuscript and any
errors in your submitted revision may be present in the published version.

> Manuscript has been proofread.

* JoVE reference format requires that DOIs are included, when available, for all references listed
in the article. This is helpful for readers to locate the included references and obtain more
information. Please note that often DOIs are not listed with PubMed abstracts and as such, may
not be properly included when citing directly from PubMed. In these cases, please manually
include DOls in reference information.

*Please include “doi” in the citations according to the following format: (For 6 authors or less
list all authors. For more than 6 authors, list only the first author then et al.): [Lastname, F.1I.,
LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage,
doi:DOI (YEAR).]

> DOls are included for all references.

* Please disregard this comment if all of your figures are original. If you are re-using figures
from a previous publication, please obtain explicit permission to re-use the figure from the
previous publisher (this can be in the form of a letter from an editor or a link to the editorial
policies that allows you to re-publish the figure). Please upload the text of the re-print permission
(may be copied and pasted from an email/website) as a Word document to the Editorial Manager
site in the "Supplemental files (as requested by JOVE)" section. Please also cite the figure
appropriately in the figure legend, i.e. "This figure has been modified from [citation]."”

> All figures are original.
» Acknowledgements: Please list all funding sources for this work in this section.
> Funding source noted.

*Minor formatting notes:
-Please make units of time consistent. Here use SI units (ie “s” for “second(s)”).

> Units of time are now consistent throughout manuscript, using “s” for “second(s)”. As
a note, this differs from the formatting guidelines provided in the “Instructions for
Authors” document.
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-Figure 1, 2, 3 — Please provide scale bars.

> Scale bars included.
Reviewers' comments:
Reviewer #1:
-Line 64 - consider change ,,that electrodes be"

> Sentence changed.
-Lines 67-71 - could you provide some citation(s), or is not it discussion? - A distinct advantage
to these approaches is that heart rate is assessed in an intact, living bee, rather than in a dissected
specimen. The challenges of these methods include accounting for immobilization or
anesthetization of the subject, the need to limit outside variables and stimuli that might alter heart
rate, and determining an appropriate delivery method when testing pharmacological agents.

> Citation provided.

-Lines 75-77 - In this protocol, the heart is continually bathed with running physiological saline
and test compounds can be dissolved in this solution for application to the subject. - reference?

> Citation provided.

-Because the method you describe is cheap and easy, is it useful to teach students, in universities
or even high school?

> Agreed, and noted in discussion.

-The fact that the non-invasive methods provide analysis of non-dissected specimen should be
better explained regarding the benefits of the non-invasive methods.

>Additional explanation provided.

-Noninvasive, electrocardiographic methods described by Karel Slama might be mentioned: e.g.
see doi:10.1016/S0022-1910(03)00065-9 (Mechanical aspects of heartbeat reversal in pupae of
Manduca sexta); doi:10.1016/S0022-1910(99)00208-5 (Extracardiac versus cardiac haemocoelic
pulsations in pupae of the mealworm (Tenebrio molitor L.)

> Good point, but Slama’s methods were based on and directly cited Wasserthal. A
description of this method and reference to Wasserthal (doi:10.1007/BF00691029) has
been added.



-Consider mention that the dorsal vessel has been used as the source of hemolymph for
proteomics - from red-eye pupa, emerge bee or adult bee; (more than 20 uL of hemolymph is
possible obtain after the direct puncture of the adult honeybee hemolymph), see e.g. DOI: DOI:
10.1007/s13592-016-0437-7 ; 10.1007/s13592-013-0230-9 ; DOI: 10.1007/s13592-012-0190-5 ;

> |t is unclear how this relates to the protocol being presented in this manuscript, as
hemolymph extraction is not a part of the procedure. The described protocol results in a
dissected abdominal wall that is buffered with an isotonic solution. Respectfully, no
mention of this has been included.

-Line 128 - CO2 (N20 is an alternative)

> |t is understood that there are a number of alternative anesthesia methods that are
available, however, none of these have been tested by the authors other than cooling and
CO2.

-Line 316 - "Overall, the goal of this proposal is to provide a simple ..."This should be changed,
because you discuss what you did. At least I think that ,,the goal was to... ,,

> This line has been changed.

I recommend change structure of the paper: Discussion lacks references. Like to see in the
discussion - benefits and limitations of your method compared to the other methods including
references - some indications are in introduction (consider change introduction and discussion -
suggest move some parts that resemble discussion from introduction to the discussion). In
introduction, different methods should be mentioned, but not discussed. The cases of suitable use
might be better explained.

> Thank you for the comments and feedback. The approach being followed here is to
provide the reader with some background on various methodology for measuring insect
cardiac activity, and to provide context for the protocol being described. The suggestion
to expand upon the discussion has been heeded, and additional descriptions have been
added.

Reviewer #2:

Major Concerns:

1) The dissection procedure as described, implies that honeybee preparation suffers from loss of
hemolymph that may affect the proper function of the heart and the proper response to
compounds. For example see lines 137-138:, Using forceps and/or microdissection scissors,
remove legs and wings to facilitate dissection of the abdomen , lines 153-154: Gently remove the
stinger and any portion of the gastrointestinal tract that remains attached to the dorsal abdominal
wall



> Respectfully, the concern being presented here is unclear. The protocol describes a
dissection of the dorsal abdominal wall of the bee in order to visualize the dorsal vessel,
absent the remainder of the bee. A loss of hemolymph is expected, and the use of an
isotonic solution to maintain osmotic balance is described.

2) The dissection protocol is not clear since it does not refer to the fate of the central nervous
system, and especially of the abdominal nerve cord, which is known to modulate heart rate in
honeybees [see lines 343-345: Schwab, E. R., Chilson, R. A. & Eddleman, C. D. Heartbeat Rate
Modulation Mediated by the Ventral Nerve Cord in the Honey-Bee, Apis-Mellifera. J Comp
Physiol B-Biochem Syst Environ Physiol. 161 (6), 602-610, doi: 10.1007/Bf00260751 (1991)].

> A description of the fate of the abdominal nerve cord and its effect on heart rate has
been included.

3) The counting protocol based on hand tally counter seems to be not accurate for the high
beating frequency of the honeybee. This also implies that the counting protocol may not be
practical for and/or insufficient to successfully measure intense cardio acceleration.

> We disagree with this observation. As noted by Schwab (doi: 10.1007/BF00260751)
and Papaefthimiou (doi:10.1016/j.jinsphys.2010.11.022), as well as our own
observations, severing the ventral nerve cord greatly reduces the frequency and
magnitude of dorsal vessel contractions and effectively stabilizes heart rate. The goal of
this protocol is to record frequency, and not magnitude, of contractions. While a hand
tally counter and visual observations would likely be insufficient to record heart rate in a
living, intact adult bee, it has proven more than sufficient to measure heart rate in this
protocol.

4) Measuring heart rate, lines 188-189: (for example: record the number of contractions during a
30 s period and multiply the results by 2). This approach attempted by the authors may introduce
error, since the interspike interval, or period of heartbeat is assumed to be stable in this case.

> This approach has been removed from the protocol.

5) The changes in average bpm in either DMSO or octopamine (Fig. 4,5) are confusing without
giving the mean heart rate value in bpm or mean heart beating frequency in Hz. A percentage
increase in basal heart rate could also be useful.

> Results have been modified to reflect a percentage increase in basal heart rate.

6) Lines 271-272 and 278 (one-way ANOVA with Dunnett's multiple comparison test). The
statistical analysis used by the authors requires that data follow normal distribution. The authors
should state that they checked data for normality with the appropriate test. If data do not pass
normality, authors should consider using a non-parametric analysis for non-normally distributed
data.



> Data passed a D'Agostino & Pearson normality test, however, it is likely that not all
data collected in this manner will follow a normal distribution. A non-parametric analysis

would probably be a more widely-applicable method to recommend and this protocol has
been updated to reflect that.

7) Discussion section: A comparison of the major outputs of the bioassay such as: i) heart rate in
bpm and, ii) response to DMSO and octopamine, with previous studies in honeybee and other
insect hearts is missing. Establishing the reliability, accuracy and sensitivity of the bioassay
which is crucial for supporting its efficiency and usefulness is also absent.

> Thank you for the comments and feedback. As suggested, the discussion section has
been expanded to include a comparison of outputs to other studies cited.



